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© Solid-state image device and method of manufacturing thereof 



© A solid-state image device and a method of 
manufacturing are disclosed. The solid-state image 
device has: a plurality of pixels, each pixel having a 
transistor for converting an incident light into an 
electrical signal, the transistor having a semiconduc- 
tor substrate, source-drain regions formed on a sur- 
face portion of the semiconductor substrate, the 
source-drain regions being spaced apart from each 
other to define a channel region between them, and 
a gate electrode formed above the channel region; a 
selection line electrically connected to the gate elec- 
trode for selecting a pixel from the plurality of pixels; 
an interlayer insulating film formed to cover the gate 
electrode and the source and drain regions; a signal 
line connected to one of the source-drain regions 
through a contact hole formed in the interlayer in- 
sulating film; and a light-shielding film formed below 
the interlayer insulating film to cover the source- 
drain region connected to the signal line. 




FIG. 4 



Ql 



Rank Xerox (UK) Business Services 

(3. 1073.O9/3.3.4) 

eNSDOCJD: <EP 0650 198A1_|_> 



1 



EP 0 650 198 A1 



2 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to a solid-state image 
device and a method of manufacturing, and par- 
ticularly to an amplification solid-state image device 
having transistors for photoelectric transfer arrayed 
for each of pixels, with the transistors having selec- 
tion lines connected to their respective gate elec- 
trodes and having signal lines connected to their 
respective source-drain regions. 

2. Description of Related Art 

A conventional amplification solid-state image 
device has plural MOS transistors Tr for photoelec- 
tric transfer corresponding to pixels arrayed in a 
matrix, as shown in Ftg.1. These transistors Tr 
have their respective gate electrode connected to a 
horizontal selection lines Lh extending in rows from 
a horizontal shift register HR. The transistors Tr 
also have their respective source regions connect- 
ed to a vertical signal line Ls extending in the 
direction of column and their respective drain re- 
gions connected to power sources having a power 
source voltage Vdd. 

In each of the transistors Tr, incidence of light 
generates an electron-hole pair in response to the 
amount of incident light. Of the efectron-hole pair 
thus formed, the electron flows into a channel re- 
gion while the hole advances into a depleted sub- 
strate surface. Thus, the threshold value of the 
transistor changes. 

Consequently, when one horizontal selection 
line Lh of the horizontal selection lines Lh extend- 
ing in rows from the horizontal shift register HR 
connected to peripheral circuits has a high poten- 
tial level, signal currents corresponding to the 
threshold value appear on the corresponding parts 
of the vertical signal line Ls, so as to be outputted 
as image signals of selected rows, as disclosed in 
the US Patent No. 4.901,129, "Bulk Charge Modu- 
lated Transistor Threshold Image Sensor Elements 
and Method of Making." 

In the conventional amplification solid-state im- 
age device, however, one of the transistors Tr 
forming pixels has a cross section in which the 
vertical signal line Ls composed of an Al intercon- 
necting layer rs only connected to a source region 
101 formed in an N-type impurity diffused region 
through a contact hole 104 formed in a transparent 
interlayer insulating film 103 on a gate electrode 
102, as shown in Fig.2. 

The Al interconnecting layer Ls, which serves 
to shield lights, may have a width smaller than that 
of the formation area for the underlying source 
region 101. In this case, it is often the case that a 



<EP 06501 98A1 J_> 



light of normal incidence permeates the transparent 
interlayer insulating film 103 so as to be incident 
on the source region 101. 

Particularly, when the light is incident on the 

5 source region 101 of the transistor Tr relating to a 
pixel not selected by the horizontal shift register 
HR, photoelectric transfer is carried out by a 
photodiode formed by P-N junction between the N- 
type source region 101 and a P-type silicon sub- 

io strate or well substrate 105, and a false signal due 
to a charge formed by the photoelectric transfer 
from the non-selected source region 101 appears 
as a noise on the vertical signal line Ls. 

In this amplification solid-state image device, 

75 since the single vertical signal line Ls in the direc- 
tion of column is employed, the noise appears as a 
longitudinal streak such as smear of the CCD solid- 
state image device (so-called CCD image sensor) 
when an object of high luminance is imaged. This 

20 noise is generally referred to as a blooming phe- 
nomenon, which causes deterioration in picture 
quality. 

To avoid the blooming phenomenon, it is con- 
ceivable to broaden a light-shielding area com- 

25 posed of the Al interconnecting layer Ls by in- 
creasing the width of the Al interconnecting layer 
Ls. However, the interlayer insulating film 103 be- 
low the Al interconnecting layer Ls is formed with a 
thickness of several hundred nm for flattening the 

30 surface of the device. Therefore, though the light of 
normal incidence can be shielded, a slantingly in- 
cident light and a reflected light cannot be shield- 
ed. The deterioration in picture quality due to the 
blooming phenomenon cannot be avoided. 

35 

OBJECT AND SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide a solid-state image device which is 

40 capable of effectively shielding the incident light 
onto the source-drain region of the transistor for the 
non-selected pixel, for preventing generation of a 
false signal from the non-selected pixel and for 
reducing deterioration in picture quality due to the 

45 noise of the so-called blooming phenomenon. 

It is another object of the present invention to 
provide a method of manufacturing a solid-state 
image device whereby it is possible to easily man- 
ufacture a solid-state image device capable of ef- 

so fectively shielding the incident light onto the 
source-drain region of the transistor for the non- 
selected pixel, for preventing generation of a false 
signal from the non-selected pixel and for reducing 
deterioration in picture quality due to the noise of 

55 the so-called blooming phenomenon. 

According to the present invention, there is 
provided a solid-state image device having: a plu- 
rality of pixels, each pixel having a transistor for 
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converting incident fight into an electrical signal, 
the transistor having a semiconductor substrate, 
source-drain regions formed on a surface portion of 
the semiconductor substrate, the source-drain re- 
gions being spaced apart from each other to define 
a channel region between them, and a gate elec- 
trode formed above the channel region; a selection 
line electrically connected to the gate electrode for 
selecting a pixel from the plurality of pixels; an 
interlayer insulating film formed to cover the gate 
electrode and the source-drain regions; a signal 
lino connected to one of the source-drain regions 
through a contact note formed in the interlayer 
insulating film; and a light-shielding film formed 
below the interlayer insulating film to cover the 
source-drain region connected to the signal line. 

The light-shielding film is composed of a re- 
fractory metal. The gate electrode is formed in an 
annular shape. The plural pixels are formed in a 
matrix. 

According to the present invention, there is 
provided a method of manufacturing a solid-state 
image device having the steps of: forming a tran- 
sistor for photoelectric transfer on a semiconductor 
substrate, the transistor having source-drain re- 
gions formed on a surface portion of the semicon- 
ductor substrate, the source-drain regions being 
spaced apart from each other to define a channel 
region between them, and a gate electrode formed 
above the channel region; forming a light-shielding 
film via an insulating film on the gate electrode; 
patterning the light-shielding film to leave the same 
on one of the source-drain regions; forming an 
interlayer insulating film on an entire surface of the 
substrate; forming a contact hole in the interlayer 
insulating film, the contact hole extending to reach 
the one source-drain region; and forming a signal 
line on the interlayer insulating film, the signal line 
being connected to the one source-drain region 
through the contact hole. 

The light-shielding film is composed of a re- 
fractory metal. The gate electrode is formed in an 
annular shape. 

In the solid-state image device according to the 
present invention, incidence of light to the transis- 
tors for photoelectric transfer arrayed in accor- 
dance with pixels causes a threshold value of the 
transistor to change in response to the amount of 
incident light Then, an image signal corresponding 
to the threshold value is taken out through the 
selection line for selecting rows or columns from 
the transistor relating to the rows or columns. 

Since the one source-drain region connected to 
the signal line is covered with the light-shielding 
film formed below the interlayer insulating film, a 
slantingly incident light and a reflected light are 
shielded and prevented from entering the source- 
drain region by the light-shielding film. 
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Consequently, even when a transistor not se- 
lected is irradiated with a light, the light is pre* 
vented from being incident on the source-drain 
region, so that output of a false signal from the 

5 non-selected transistor can be avoided- Thus, the 
blooming phenomenon of the solid-state image de- 
vice due to superposition of false signals can be 
reduced, and deterioration in picture quaiity can be 
restricted. Particularly, by using a refractory metal 

w for the tight-shield film, the light-shielding film can 
be formed simultaneously with interconnecting for- 
mation for low resistance. Thus, manufacturing pro- 
cesses can be simplified. 

In the method of manufacturing a solid-state 

75 image device according to the present invention, 
the light-shielding film is first formed via the in- 
sulating film on the gate electrode of the transistor 
for photoelectric transfer, and is then selectively 
patterned to be left on the one source-drain region. 

20 After the interlayer insulating film is formed on the 
entire surface, the contact hole extending to reach 
the one source-drain region is formed in the inter- 
layer insulating film. Then, the signal line con- 
nected to the one source-drain region through the 

25 contact hole is formed on the interlayer insulating 
film. 

Since the light-shielding film formed via the 
insulating film on the gate electrode is selectively 
patterned to be left on the one source-drain region 
30 connected to the signal line, the one source-drain 
region connected to the signal line is capable of 
easily producing pixels covered with the light- 
shielding film formed below the interlayer insulating 
film. 

35 In the solid-state image device thus produced 

by the above method of manufacturing, the nor- 
mally incident light, the slantingly incident light and 
the reflected light are shielded and prevented from 
entering the source-drain region by the light-shield- 

40 ing film. 

Consequently, even when a transistor not se- 
lected is irradiated with a light, the light is pre- 
vented from being incident on the source-drain 
region, so that output of a false signal from the 

45 non-selected transistor can be avoided. Thus, the 
blooming phenomenon of the solid-state image de- 
vice due to superposition of false signals can be 
reduced, and deterioration in picture quality can be 
restricted. 

so Particularly, by using a refractory metal for the 

light-shield film, the light-shielding film can be 
formed simultaneously with interconnecting forma- 
tion for low resistance. Thus, manufacturing pro- 
cesses can be simplified. 

55 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.1 is an equivalent circuit diagram showing 
the general structure of an amplification solid-state 
image device. 

Fig.2 is a cross-sectional view showing the 
structure of each pixel of the conventional am- 
plification solid-state image device. 

Fig.3 is an equivalent circuit diagram showing 
an embodiment of a solid-state image device of the 
present invention, hereinafter referred to as the 
amplification solid-state image device of the em- 
bodiment, applied to an amplification solid-state 
image device having MOS transistors correspond- 
ing to pixels. 

Fig. 4 is a cross-sectional view showing the 
structure of each pixel of the amplification solid- 
state image device of the embodiment. 

Fig. 5 is a plan view showing the structure of 
each pixel of the amplification solid-state image 
device of the embodiment. 

Figs.SA to 6C are views showing processes of 
a method of manufacturing a solid-state image 
device of an embodiment. Fig.6A shows a state in 
which a filling channel region is formed in the 
surface of a P~-type well region. Fig. 6 8 shows a 
state in which a gate electrode is formed via a gate 
insulating Him on the P~-type well region. Fig.6C 
shows a state in which an oxide film is formed on 
the gate electrode. 

Figs.7A to 7C are views showing processes of 
the method of manufacturing a solid-state image 
device of the embodiment. Fig.7A shows a state in 
which a thin oxide film and a thin refractory metal 
film are formed on a stacked film composed of the 
gate electrode and the oxide film, with a thick oxide 
film being then formed on the entire surface. 
Fig.7B shows a state in which etching back is 
carried out on the entire surface so as to leave the 
oxide film on the source region. Fig.7C shows a 
state in which the refractory metal film is selec- 
tively removed by etching so as to be left on the 
source region. 

Figs.SA and 8B are views showing processes 
of the method of manufacturing a solid-state image 
device of the embodiment. Fig.8A shows a state in 
which an oxide film is formed for flattening the 
entire surface, with the oxide film then having a 
contact hole formed therein. Fig.SB shows a state 
in which a vertical signal line composed of an Al 
interconnecting layer is formed. 

Fig.9 is a graph showing changes in light trans- 
mittance due to differences in thickness of the 
refractory metal film used as the light-shielding film 
in the amplification solid-state image device of the 
embodiment. 

Figs. 1 0A to 10C are views showing processes 
of a first modification of the method of manufactur- 
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ing a solid-state image device of the embodiment. 
Fig.1 OA shows a state in which a sidewall is formed 
on a stacked film composed of a gate electrode 
and an oxide film. Fig. 1 0B shows a slate in which a 
s refractory metal film is formed as a light-shielding 
film on the entire surface. Fig.lOC shows a state of 
the last stage in which a vertical signal line is 
formed. 

Rgs.11A to 11C are views showing processes 

io of a second modification of the method of manu- 
facturing a solid-state image device of the embodi- 
ment. Fig. 11 A shows a state in which an adhesion 
layer is formed on a stacked film composed of a 
gate electrode and an oxide film, with a tungsten 

is layer being then formed on the entire surface. 
Fig.1 1B shows a state in which etching back js 
carried out on the entire surface so as to leave the 
tungsten layer on a source region and a drain 
region. Fig.1 1C shows a state of the last stage in 

20 which a vertical signal line is formed. 

Figs.12A to 12C are views showing processes 
of a third modification of the method of manufactur- 
ing a solid-state image device of the embodiment. 
Fig.l2A shows a state in which a sidewall is formed 

25 on a stacked film composed of a gate electrode 
and an oxide lilm. Fig.1 2B shows a state in which a 
tungsten layer is selectively grown on a source 
region and a drain region by a selective growth 
CVD method. Fig.l2C shows a state of the last 

30 stage in which a vertical signal line is formed. 

Figs.l3A to 13C are views showing processes 
of a fourth modification of the method of manufac- 
turing a solid-state image device of the embodi- 
ment. Fig.13A shows a state in which a refractory 

35 metal film is formed via an oxide film on a stacked 
film composed of a gate electrode and an oxide 
film, with a photoresist film being then formed on 
the entire surface. Fig.1 3B shows a state in which 
an opening is formed in a portion corresponding to 

40 the gate electrode of the photoresist film. Fig.13C 
shows a state of the last stage in which a vertical 
signal line is formed. 

DETAILED DESCRIPTION OF THE PREFERRED 
45 EMBODIMENTS 

Preferred embodiments of a solid-state image 
device according to the present invention applied 
to an amplification solid-state image device having 

so MOS transistors corresponding to pixels, 
hereinafter referred to as the amplification solid- 
state image device of the embodiment will now be 
described with reference to Figs.3 to 13A-I3D. 

The amplification solid-state image device of 

55 the embodiment has plural MOS transistors Tr for 
photoelectric transfer arrayed in a matrix, as shown 
in Fig,3. These transistors Tr have their respective 
gate electrode connected to a horizontal selection 

4 
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line Lh extending in rows from a horizontal shift 
register HR. The transistors Tr also have their 
respective sources connected to a vertical signal 
line Ls extending in the direction of column and 
have their drains connected to power sources hav- 
ing a power source voltage Vdd. 

Each pixel has an N-type well region 2 and a 
P"-type well region 5 sequentially formed on a P- 
type silicon substrate, and has a gate electrode 4 
composed of a transparent polycrystalline silicon 
layer formed via a gate insulating film 3 composed 
of Si02 on the well region 2, as shown in Fig.4. 
The gate electrode 4 has an annular portion 4b 
formed substantially at the center of a center hofe 
4a having a diameter of approximately 1 urn or 
less, and a protruded portion 4c partly protruded 
from the annular portion 4b, as shown in Fig. 5. 

A P-type filling channel region 6 is formed 
below the gate electrode 4. An N-type source re- 
gion of 7S of high density is formed below the 
center hole 4a in the gate electrode 4, and an Nl- 
type drain region 7D of high density is formed in a 
region other than the portion corresponding to gate 
electrode 4, as shown in Rg.4. A thick interlayer 
insulating film 8 is formed on the gate electrode 4. 
The interlayer insulating film 8 has a contact hole 9 
at a position corresponding to the center hole 4a of 
the gate electrode 4, with a diameter smaller than 
that of the center hole 4a. 

The gate electrode 4 is connected to the hori- 
zontal selection line Lh composed of an Al inter- 
connecting layer via a contact hole 10 in the pro- 
truded portion 4c, as shown in Fig.5, with the 
source region 7S shown in Fig.4 being connected 
to the vertical signal line Ls composed of an Al 
interconnecting layer via the contact hole 9 and 
with the drain region 7D being connected a power 
source supply line Ld composed of an Ai intercon- 
necting layer via a contact hole 11. Thus, the 
transistor Tr for photoelectric transfer shown in 
Fig. 3 is formed. 

In each of the transistor Tr, incidence of light 
generates electron-hole pairs in response to the 
amount of incident light. Of the electron-hole pairs, 
the electron flows into the P-type filling channel 
region 6 to be led through the drain region 7D to 
the power source, while the hole is stored in the 
P"-type well region 5. The storage of the hole in 
the P~-type well region 5 increases a positive 
space potential, thus changing a threshold value of 
the transistor Tr. That is, the threshold value of the 
transistor Tr is modulated in response to the 
amount of incident light. 

When one of the horizontal selection lines Lh 
extending in rows from the horizontal shift register 
HR connected to peripheral circuits has a high 
potential level, a signal current corresponding to 
the threshold value appears on the corresponding 
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vertical signal line Ls, so as to be outputted as an 
image signal of a selected row. 

The amplification solid-state image device of 
the present embodiment has a light-shielding film 
5 12 formed below the interlayer insulating film 8, 
particularly in a position corresponding to the cen- 
ter hole 4a of the gate electrode 4, for covering the 
source region 7S. An insulating film 13 thinner than 
the interlayer insulating film 8 is formed on the 

io gate electrode 4, and the fight-shielding film 12 of 
flat circular shape is formed over an area from the 
position corresponding to the inner circle edge of 
the center hole 4a of the gate electrode 4 to the 
vertical signal line Ls composed of an Al intercon- 

75 necting layer on the insulating film 13. In this case, 
the distance from the surface of the source region 
7S (that is, the surface of the silicon substrate 1) to 
the lower surface of the light-shielding film 12 is 
tens of nm. In the present embodiment, a refrac- 

20 tory metal film, such as a tungsten (W) film, a 
molybdenum (Mo) film or a titanium (Ti) film, uti- 
lized as an interconnecting layer for low resistance 
is used as the light-shielding film 12, 

In the amplification solid-state image device of 

25 the present embodiment, the source region 7S 
connected to the vertical signal line Ls, of the 
source region 7S and the drain region 7D forming 
the transistor Tr, is covered with the light-shielding 
film 12 formed below the interlayer insulating film 

30 8. Therefore, a normally incident light, a slantingly 
incident light and a reflected light are shielded and 
prevented from being incident on the source region 
7S by the light-shielding film 12. 

Consequently, even when a transistor Tr not 

35 selected is irradiated with the light, the light is not 
incident on the source region 7S, and output of a 
false signal from the non-selected transistor Tr is 
avoided. Thus, the blooming phenomenon of the 
amplification solid-state image device due to super- 

40 position of the false signal is reduced, so that 
deterioration in picture quality can be restricted. 

Particularly, in the present embodiment, since 
the refractory metal film is used as the light-shield- 
ing film 12, the light-shielding film 12 can be 

45 formed simultaneously with interconnecting forma- 
tion for low resistance. Thus, manufacturing pro- 
cesses can be simplified. 

A method of manufacturing the amplification 
solid-state image device of the above embodiment 

so will now be described with reference to Figs.6A-6C 
to 8A-8B, in which portions corresponding to those 
in Fig.4 are denoted by the same reference nu- 
merals. 

First, an N-type well region 2 and a P~-type 
55 well region 5 are sequentially formed on a P-type 
silicon substrate 1, and then a P-type impurity such 
as boron (B) is introduced onto the surface of the 
P~-type well region 5 by ion implantation so as to 

5 
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form a P-type channel region 6, as shown in 
Rg.6A. 

A thermal oxide film 3 as a gate insulating film 
composed of Si02 is formed on the entire surface 
of the substrate by heat treatment in an O2 gas 
atmosphere, as shown in Fig.6B. Then, a thin poly- 
crystalline silicon layer is formed on the entire 
surface of the substrate, and is patterned to form a 
gate electrode 4 having an annular portion 4b hav- 
ing a center hole 4a with a diameter of approxi- 
mately 1 am and a protruded portion 4c partly 
protruded from the circular portion 4b, as shown in 
Fig.5. 

An oxide film composed of Si02 or the like 
with a thickness of approximately 200 nm is formed 
on the entire surface by the CVD method, and is 
patterned to be left on the gate electrode 4, as 
shown in Fig.6C. That is, the oxide film 21 with a 
thickness of approximately 200 nm is stacked on 
the gate electrode 4. Then, with the oxide film 21 
as a mask, an N-type impurity such as phosphorus 
is introduced onto the surface of an epitaxial layer 
2 by ion implantation, so as to form an N-type 
source region 7S below the center hole 4a of the 
gate electrode 4 and an N-type drain region 7D in 
the periphery of the gate electrode 4 simultaneous- 
ly. 

After an oxide film 13 composed of Si02 with a 
thickness of approximately tens of nm is formed on 
the entire surface of the substrate by the CVD 
method, a refractory metal film 12 composed of 
tungsten (W), molybdenum (Mo) or titanium (Ti) 
with a thickness of approximately tens of nm is 
formed on the entire surface by the CVD method 
or a sputtering method, as shown in Fig.7A. Then, 
an oxide film 22 composed of Si02 is deposited 
thickly on the entire surface by the CVD method, 
particularly to fill the portion corresponding to the 
center hole 4a of the gate electrode 4. 

The oxide film 22 on the entire surface is then 
etched back by reactive ion etching (RIE) to re- 
move the oxide film 22 by etching until the under- 
lying refractory metal film 12 is exposed, as shown 
in Fig.7B. Through this etching back, the oxide film 
22 remains in the portion corresponding to the 
center hole 4a of the gate electrode 4 in the 
refractory metal film 12. 

With the remaining oxide" 7 film 22 as a mask, 
the exposed refractory metal film 12 is removed by 
etching, as shown in Fig.7C. At this point, only the 
refractory metal film 12 below the oxide film 22 
remains to form a light-shielding film to cover the 
underlying source region 7S. 

If the oxide film 22 is not filled sufficiently in 
the portion corresponding to the center hole 4a of 
the gate electrode 4 in deposition of the oxide film 
22 as shown in Fig.7A, the underlying refractory 
metal film 12 in this portion is exposed by the 
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etching back as shown in Fig.7B. In this case, the 
refractory metal film 12 in this portion is also re- 
moved by etching when other portions of the re- 
fractory metal film 12 are removed by selective 

5 etching. However, if the size of the exposed portion 
of the refractory metal film 12 is within a range up 
to the diameter of a contact hole 9 as formed later, 
the exposed portion is removed when the contact 
hole 9 is formed. Then, as the light is shielded by a 

to vertical signal line Ls composed of an Ai intercon- 
necting layer filled in the contact hole 9. the ab- 
sence of the refractory metal film 12 in this portion 
does not have adverse effects. 

After a relatively thick interlayer insulating film 

75 8 composed of Si0 2 or the like for flattening is 
formed on the entire surface of the substrate by 
the CVD method, the contact hole 9 extending to 
reach the underlying source region 7S is formed in 
the portion corresponding to the center hole 4a of 

20 the gate electrode 4 in the insulating film 8, as 
shown in Fig.8A. 

Then, a barrier metal layer 23 is formed on the 
entire surface, and is patterned to be left in the 
contact hole 9, as shown in Fig.8B. An AI intercon- 

25 necting layer is formed on the entire surface to fill 
the contact hole 9, and is patterned to form a 
vertical signal line Ls. Thus, the amplification solid- 
state image device of the present embodiment is 
produced. 

30 Thus, in the method of manufacturing the solid- 

state image device of the present embodiment, the 
refractory metal film 12 is formed via the oxide 
films 21 and 13 on the gate electrode 4, and is 
selectively patterned to leave the light-shielding 

35 film composed of the refractory metal film 12 on 
the source region 7S connected to the vertical 
signal line Ls. Therefore, the source region 7S 
connected to the vertical signal line Ls, of the 
source region 7S and the drain region 7D forming 

40 the transistor Tr for photoelectric transfer, can easi- 
ly produce pixels covered with the light-shielding 
film 12 formed below the interlayer insulating film 
8. 

In the solid-state image device produced by 
45 this manufacturing method, the normally incident 
light, the slantingly incident light and the reflected 
light are shielded and prevented from being in- 
cident on the source region 7S by the light-shield- 
ing film 12. 

so Consequently, even when the non-selected 

transistor Tr is irradiated with the light, the light is 
not incident on the source region 7S so as to avoid 
output of the false signal from the non-selected 
transistor Tr. Thus, the blooming phenomenon of 

55 the solid-state image device due to superposition 
of the false signal is reduced, so that the deteriora- 
tion in picture quality can be restricted. 
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Particularly, since the refractory metal film is 
used as the light-shielding film 1 2, the light-shield- 
ing film 12 can be formed simultaneously with 
interconnecting formation for low resistance. There- 
fore, manufacturing processes can be simplified. 
As seen from the graph of Fig.9, when a refractory 
metal film is formed with a thickness of tens of nm 
as the light-shielding film 12, the refractory metal 
film shows a light transmittance of approximately 
50% in a visible light region. Thus, the blooming 
can be reduced by 6 dB or more. The graph of 
Fig.9 shows differences in light transmittance of the 
refractory metal films 12 of three different thicknes- 
ses, with curves a, b and c showing the light 
transmittance with thicknesses of 20 nm, 40 nm 
and 60 nm, respectively. 

Several modifications of the method of manu- 
facturing the solid-state image device of the above 
embodiment will now be described. 

In the first modification, after the process 
shown in Fig.6C, a relatively thick oxide film 31 
composed of SiC>2 is formed on the entire surface 
by the CVD method, and is etched back to form a 
sidewall 31 w composed of the oxide film 31 on the 
stacked film composed of the gate electrode 4 and 
the upper oxide film 21, as shown in Fig.lOA. In 
this case, the etching back is carried out until a 
sificon surface in the source region 7S and the 
drain region 7D is exposed. 

Then, a refractory metal film 12 composed of 
tungsten (W). molybdenum (Mo) or titanium (Ti) 
with a thickness of approximately tens of nm is 
formed on the entire surface by the CVD method 
or the sputtering method, as shown in Fig. 1 0B. The 
process of Fig.7A and the subsequent processes 
are carried out Finally, the amplification solid-state 
image device having a structure in which the pat- 
terned refractory metal fiim 12 serves both as the 
light-shielding fiim and as the barrier metal layer, 
as shown in Fig.tOC. 

In the manufacturing method of the first modi- 
fication, since the refractory metal film 12 serves 
both as the light-shielding film and as the barrier 
metal layer, the process of forming the barrier 
metal 23 shown in Fig.8B can be omitted. Thus, 
manufacturing processes can be simplified. 

In the second modification, a process of for- 
ming a blanket tungsten (W) replaces the pro- 
cesses shown in Figs.7A to 70. That is, a tungsten 
(W) adhesion layer 32 composed of titanium tung- 
sten (TiW) or titanium nitride (TiN) is formed by the 
sputtering method or the CVD method as shown in 
Fig. 11 A, instead of the refractory metal fiim 12 
formed in the process of Fig.7A. Then, a tungsten 
layer 1 2 is formed on the adhesion layer 32. 

The entire surface of the tungsten layer 12 is 
etched back to be left on the source region 7S and 
the drain region 7D. Then, with the remaining tung- 
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sten layer 12 as a mask, the exposed adhesion 
layer 32 is removed by etching, as shown in 
Fig. 11 B. The processes similar to those of Figs.SA 
and 8B are carried out, so that the amplification 
5 solid-state image device having the tungsten layer 
12 formed by the blanket tungsten (W) method as 
the light-shielding film is produced as shown in 
Fig.llC. 

In the second modification, the light-shielding 

w film can be formed simultaneously with filling of the 
tungsten layer 12 into contact holes in forming 
peripheral circuits. Thus, manufacturing processes 
can be simplified. 

In the third modification, as in the method of 

75 the first modification, a relatively thick oxide film 31 
composed of Si02 is formed on the entire surface 
of the substrate by the CVD method, and is etched 
back to form a sidewall 31 w composed of the oxide 
film 31 on the stacked film composed of the gate 

20 electrode 4 and the upper oxide film 21 , as shown 
in Fig.12A. In this case, the etching back is carried 
out until the silicon surface in the source region 7S 
and the drain region 7D is exposed. 

Then, selective growth CVD of tungsten (W) is 

25 carried out to form a tungsten layer 12 on the 
source region 7S and the drain region 7D exposing 
the silicon surface, as shown in Fig.12B. The pro- 
cesses similar to those of Figs.8A and 8B are 
carried out, so that the amplification solid-state 

oo image device having the tungsten layer 12 formed 
by the selective growth CVD method as the light- 
shielding film can be produced, as shown in 
Fig.12C. 

In the manufacturing method of the third modi- 
35 fication, since the tungsten layer 12 formed by the 
selective growth CVD method serves both as the 
light-shielding film and as the barrier metal layer, 
as in the first modification, the process of forming 
the barrier metal can be omitted. Thus, manufactur- 
40 ing processes can be simplified. 

The methods of manufacturing the solid-state 
image device according to the above-described 
embodiment and the first to third modifications 
have an advantage of self-aligned formation of the 
45 light-shielding film, thus achieving the fine struc- 
ture. 

In the fourth modification, after the process of 
Fig.6C and the subsequent processes, a thin oxide 
film 13 is formed on the entire surface of the 
so substrate, and a refractory metal film 12 is formed 
on the oxide film 13. A photoresist film 35, instead 
of the oxide film 22 shown in the process of Ftg.7A, 
is formed on the refractory metal film 12, as shown 
in Fig.13A. 

55 Then, an opening 35a is formed in a portion 

corresponding to the gate electrode 4 of the 
photoresist film 35, and the refractory metal film 12 
exposed from the opening 35a is removed by 

7 
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etching, as shown in Fig.13B. The processes of 
Figs. 8 A and 8B are carried out, so that the am- 
plification solid-state image device having the light- 
shielding film composed of the refractory metal film 
12 formed on the source region 7S and the drain 
region 7D can be produced, as shown in Fig.13C. 
In this case, since the light is prevented from being 
incident on the drain region 7D by the light-shield- 
ing film 12, the effect of the light incident on the 
non-selected transistor Tr can be reduced further. 

Claims 

1. A solid-state image device comprising: 

a plurality of pixels, each pixel having a 
transistor for converting an incident light into 
an electrical signal, the transistor having a 
semiconductor substrate, source-drain regions 
formed on a surface portion of the semicon- 
ductor substrate, the source-drain regions be- 
ing spaced apart from each other to define a 
channel region between them, and a gate elec- 
trode formed above the channel region; 

a selection line electrically connected to 
the gate electrode for selecting a pixel from 
the plurality of pixels: 

an interlayer insulating film formed to cov- 
er the gate electrode and the source-drain 
regions; 

a signal line connected to one of the 
source-drain regions through a contact hole 
formed in the interlayer insulating film; and 

a light-shielding film formed below the in- 
terlayer insulating film to cover the source- 
drain region connected to the signal line. 



forming a light-shielding film via an insulat- 
ing film on the gate electrode; 

patterning the light-shielding film to leave 
the same on one of the source-drain regions; 
5 forming an interlayer insulating film on an 

entire surface of the substrate; 

forming a contact hole in the interlayer 
insulating film, the contact hole extending to 
reach the one source-drain region; and 
io forming a signal line on the interlayer in- 

sulating film, the signal line being connected to 
the one source-drain region through the con- 
tact hole. 

75 6. The method of manufacturing a solid-state im- 
age device as claimed in claim 5, wherein the 
light-shielding film is composed of a refractory 
metal. 

20 7. The method of manufacturing a solid-state im- 
age device as claimed in claim 5, wherein the 
gate electrode is formed in an annular shape. 

25 



30 



2. The solid-state image device as claimed in 
claim 1, wherein the light-shielding film is com- 
posed of a refractory metal. 

40 

3. The solid-state image device as claimed in 
claim 1, wherein the gate electrode is formed 
in an annular shape. 

4. The solid-state image device as claimed in 45 
claim 1 , wherein the plural pixels are formed in 

a matrix. 



5. A method of manufacturing a solid-state image 

device comprising the steps of: so 

forming a transistor for photoelectric trans- 
fer on a semiconductor substrate, the transistor 
having source-drain regions formed on a sur- 
face portion of the semiconductor substrate, 
the source-drain regions being spaced apart 55 
from each other to define a channel region 
between them, and a gate electrode formed 
above the channel region; 
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